In this paper authors present the protocol of a trial to be conducted to improve adherence to cervical cancer screening. This is a topic of particular interest as cervical cancer remains the third most prevalent gynaecological cancer in Europe and the second most common cancer in women aged under age 45. This cancer is a preventable disease occurring mostly in women who do not participate in screening.
The paper is well written, introduction is well documented and clearly introduce the need for the present study.
I have nevertheless some minor concerns regarding methodology.
Too many secondary objectives.
I don't understand why inclusion is restricted to women below the age of 49, as screening is recommended up to the age of 65 years old with women in the post-menoposal period being less adherent to cervical cancer screening.
Assumptions for sample size calculation have to be made clearer. What is the first comparison to be made do authors consider that all comparisons are of the same importance and have to be considered part of the same principal comparison? If that is the case, as there are multiple comparisons alpha level is to be adapted.
In the statistical analysis section, description of the two secondary per-protocol analyses is somehow confusing.
I don't understand the rational to perform non inferiority analysis to compare step 1a vs step 1a+&b as authors for a sequential approach. Additionally as the expect a 10% increase over control with step one strategy, I think that the 5% non-inferiority margin may be too high.
Authors have to state more clearly that main analysis is for step 1a+1b vs control. All other comparisons are either secondary or confirmatory.
Authors say that analyses will be stratified according to 5 variables, which may result in very small number in some of the boxes. They may thus face a lack of power based on the quite small sample size. They have to state clearly this is an exploratory analysis.
As cervical cancer screening is of proven benefit, as increasing adherence to existing systematic screening program is a goal in daily practice I agree with authors' statement that not getting informed consent for step one is fully acceptable.
Despite these concerns, the study is of interest and clinicians and researchers deserve to be aware of this protocol.
Introduction
The introduction does not adequately frame the research problem. This section could be significantly improved by including information on: the burden of cervical cancer in Portugal; the current cervical cancer screening protocol in Portugal and; the extent to which nonadherence to cervical cancer screening invitation is a problem -in Portugal and elsewhere. Line 91: Difficult to understand this sentence -please correct. Also Papillomavirus is one word.
Line 97 -101. The authors imply that all of these studies had cost elements -is this true? Some detail on the studies referenced in this section is provided in the last paragraph of the Introduction. It would flow better if this detail is provided here rather than later. Provide more details on the systematic review -did the review cover both developed and developing countries. Lines 111 -113 -Provide more detail on the interactive methods to improve adherence. What level of improvement in adherence was seen? Critically comment on whether one can expect this level of improvement for screening. Line 120 Change "women's" to "women" Line 122 -125. Is non-adherence a problem in non-deprived populations? Perhaps these studies have been conducted in deprived areas because this is where the problem is. Can the interventions be easily translated to non-deprived countries? Provide more detail on the multistage approach/study that is referred. The authors should provide a more critical analysis of the studies that have been conducted on improving adherence to cervical cancer screening.
Setting
Line 167. Provide details on the current adherence levels for each study site.
Intervention
Line 216: Provide more detail on the changes that were made.
Outcomes
Line 276 is this information readily available?
Randomization
The reason offered for expecting limited contamination is not clear.
Data collection
Line 346 Provide details on the socio-demographic and other variables that will be extracted.
Analysis
Line 362 Spelling error Qui-squared should be chi-squared.
References, Most of the references are more than 10 years old. I would expect more recent references, particularly in the field of mobile healthcan the authors please check for more recent published work.
VERSION 1 -AUTHOR RESPONSE

REVIEWER #1
Comment #1 Too many secondary objectives.
Reply to comment #1
We understand the concern about the number of secondary objectives. We would like to clarify our intention for each one:
Secondary objective 1 -Although we expect that intervention is superior to control, we do not exclude the possibility of being non-inferior. Because intervention 1a and 1b are less expensive in comparison with the standard of care, they may be relevant for implementation even if they are non-inferior.
Secondary objective 2 -This objective was defined to test the isolate effect of step 2 and step 3. This would allow us to explore the possibility of using these isolated interventions and not only in combination with other interventions, as well as a deeper understanding of the effects being tested.
Secondary objective 3 -We intended to define sub-groups of women that could mostly benefit from the intervention. This is especially relevant if the intervention does not increase the adherence to cervical cancer screening as expected, as it may provide clues regarding subgroups among which the intervention may be more beneficial, to be targeted in subsequent research on this topic.
Secondary objective 4 -The aim of the objective is to test which is the most effective phrasing for delivering interventions through text messages/automatic phone calls, because as far as we know no consensus is defined on published literature.
Secondary objective 5 -In Portugal many women conduct an opportunistic cervical cancer screening at their private gynaecologist. This objective intends to test if face-to-face interviews could increase the adherence to organized screening (public health sector) with their GP. In fact, bringing women who are regularly screened opportunistically in the private sector to the organized screening is a major challenge for public health authorities in our country.
We hope this clarifies the rational for the large number of secondary objectives. The study protocol is in accordance with the protocol already registered at ClinicalTrials.gov (Number NCT03122275) and we believe it would not be appropriate to change the objectives at this point, so we opted to keep them.
Comment #2
I don't understand why inclusion is restricted to women below the age of 49, as screening is recommended up to the age of 65 years old with women in the post-menopausal period being less adherent to cervical cancer screening.
Reply to comment #2
The authors decided to only include women aged below 49 years because they are expected to have higher level of digital literacy. This decision was also supported by published data of the National Portuguese Institute of Statistics: 99% of women under 49 years use regularly their mobile phone, although only 90% of women older than 50 years use it regularly.
To clarify the criteria for this decision one paragraph was added at inclusion criteria section (please see pp11, lines 212-216 for further details)
This option allows the assessment of these intervention among women with a greater potential to benefit from them, though it compromises external validity. This is now being acknowledged in the "limitations of this study" section (please see page 4, line 82/83).
Comment #3
Reply to comment #3
Interventions based on Step 1 (just text message and automatic phone calls), Step 1+2 (step 1 + phone call performed by a secretary) and Step 1-3 (steps 1 and 2 + face-to-face interview) are intended to be compared with a control group. All these comparisons are part of the primary objective and have the same importance, since each sequence of consecutive steps represent a different intervention, with increasing complexity, cost and expected benefits, from step 1 to step 1-3. At each step/combination of sequential steps a different group of intervention(s) is compared with a different control, because the index dates for assessment of the primary outcomes are also different for each set of cumulative intervention steps. Additionally, all the comparisons to be tested were pre-planned and not post-hoc. Considering the above arguments, we based our option for not implementing familywise error reduction techniques (such as Bonferroni's or Sidák's Correction) on the reference Rothman, K. No Adjustments Are Needed for Multiple Comparisons. Epidemiology 1990; 1:43-46. Considering reviewer's comments, the "sample size" section was rewritten to make the assumptions for the calculations clearer (please see modifications on sample size section, pp.16/17).
Comment #4
Reply to comment #4
We agree that a rephrasing of per-protocol analyses is needed. We have modified it as suggested (please see pp20, lines 391-401).
Comment #5
Reply to comment #5
We aim to assess the impact of interventions based on the cumulative effect of the different steps that make the intervention, but the potential for step 1 alone to improve adherence may be particularly relevant due to the low cost of step 1a and step 1b. Although we may expect step 1 (either step 1a alone or step 1a + 1b) to be associated with greater adherence than control, due to the use of reminders, we may also hypothesize that the differences in the format of invitation in relation to the conventional invitation letter may be too subtle to result in improved adherence. If the latter happens to occur, non-inferiority of step 1 remains a relevant outcome, given the much lower cost of the invitation based on text messages and automated phone calls, in comparison with the written letter. We agree that a more conservative 2.5% may be warranted, though the non-inferiority margin was defined based on the assumption that the large difference in cost could compensate lower adherence, up to a limit of 5%, based on clinical judgement.
Our study has enough power to test a non-inferiority margin of 2.5%, but since the study protocol registered at ClinicalTrials.gov (Number NCT03122275) refers a margin of 5%, we opted for not changing this in the revised manuscript.
Comment #6
Reply to comment #6
We intend to test as main analysis the superiority of the interventions based on step 1 (1a+1b) and multistage interventions based on step1+2 and step 1 to 3. All these comparisons are considered as primary objectives and sample size was determined considering them. We have considered as final sample size the one determined for the comparison of step 1 with the control, because it was the most demanding comparison in terms of sample size. Further clarification was introduced in sample size section (please see pp16/17, lines 324-326, 333-337 and 346-349) , namely as part of our reply to comment #2 to editors' comments.
Comment #7
Introduction
The introduction does not adequately frame the research problem. This section could be significantly improved by including information on: a) the burden of cervical cancer in Portugal; b) the current cervical cancer screening protocol in Portugal; c) the extent to which non-adherence to cervical cancer screening invitation is a problem -in Portugal and elsewhere.
Reply to comment #2
Authors agree that further information is needed to clarify all the three topics mentioned. The introduction was expanded in order to cover all the recommended topics (Please see pp.5, lines 97-104).
Comment #3
Line 91: Difficult to understand this sentence -please correct. Also Papillomavirus is one word.
Reply to comment #3
We agree that a rephrasing was needed. We have modified as recommended (please see pp.5, lines 91-94).
Comment #4
Line 97 -101. The authors imply that all of these studies had cost elements -is this true? Some detail on the studies referenced in this section is provided in the last paragraph of the Introduction. It would flow better if this detail is provided here rather than later.
Provide more details on the systematic review -did the review cover both developed and developing countries.
Reply to comment #4
We agree that a rephrasing was needed to ensure the correctness of the available published evidence. The sentence was rephrased as follows: Different strategies to increase adherence to cervical cancer screening have been developed and evaluated, including interventions based on patient reminders (written letters(5-10), operator dependent phone calls (8, 9, 11, 12) or text messages(13)), small media(14-17) (videos, brochures, pamphlets or fact sheets), mass media(18) and face-to-face educational programs (17, 19) The mentioned systematic review considered only evidence from high income countries, although considering in some cases only low income/deprived women. We agree that further clarification should be given in the manuscript, so the following modifications were introduced:
Results from a systematic review (20), including studies conducted in high income countries, enrolling both deprived and non-deprived women, show overall increases in cervical Comment #5
Lines 111 -113 -Provide more detail on the interactive methods to improve adherence. What level of improvement in adherence was seen? Critically comment on whether one can expect this level of improvement for screening.
Reply to comment #5
The manuscript was modified as suggested (please see pp.6, lines 119-129). A more detailed description of the interactive methods has been provided. A critical comment was added about the use of interactive methods to improve the adherence to screening programs. Quantitative evidence was introduced to describe the adherence improvements.
Comment #6
Line 120 Change "women's" to "women"
Reply to comment #6
The manuscript was modified as suggested.
Comment #7
Line 122 -125. Is non-adherence a problem in non-deprived populations? Perhaps these studies have been conducted in deprived areas because this is where the problem is. Can the interventions be easily translated to non-deprived countries?
Reply to comment #7 Studies cited in the mentioned lines were conducted in high income countries, although in population sub-groups of lower adherences to cervical cancer screening. Authors intend to test a multistage intervention in a geographical area were low adherence to cervical cancer screening was detected. The strategy to be tested intends to be inexpensive and easy to implement so that it can be used in high and low-income countries. To clarify this point of view a new paragraph was added to the original manuscript (please see pp.9, lines 177-179).
Comment #8
Provide more detail on the multistage approach/study that is referred.
The authors should provide a more critical analysis of the studies that have been conducted on improving adherence to cervical cancer screening.
Reply to comment #8
Authors agree that a more detailed explanation of the multistage interventions is needed, and the manuscript was modified accordingly (please see pp.7, lines 141-143). Reply to comment #11
The manuscript was changed (please see pp.15/16, lines 305-308) to make clear that we are referring to the index date, which is defined as a fixed period after the scheduled appointment or two months after step 3 face to face interview, as applicable. All the appointment dates are determined by each primary care unit, but that occurs only after the enrolment of women in the study.
Comment #12
Randomization
Reply to comment #12
In the previous version of the manuscript we failed to recognize that, among women living in close geographical areas, having access to cervical cancer screening for free may induce contamination, rather than preventing this phenomenon.
Contamination cannot be ruled out in our study, and will always dilute the effect of the interventions to be tested, towards conservative effectiveness estimates. Although we cannot accurately predict the magnitude of the impact of contamination, we may speculate that it will increase with the expected impact of interventions (with their increase in complexity), being higher for step 3 than for step 1.
All these comments were reflected on manuscript modifications (please see pp.18, lines 363-370).
Comment #13
Data collection
Reply to comment #13
A clarification of the variables to be obtained was introduced in the manuscript as follows:
Sociodemographic characteristics (age, education level, parity, marital and employment status) will be manually extracted from the electronic medical record (EMR).
Comment #14 Analysis
Reply to comment #14
We thank the reviewer for calling our attention to this type of error. It was corrected in the revised version of the manuscript.
Comment #15
References, Most of the references are more than 10 years old. I would expect more recent references, particularly in the field of mobile health -can the authors please check for more recent published work.
Reply to comment #15
